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1 

i ] mm&mr\ 

CaO 12-56% 

P 2 0 5 1 -27% 

S i 0 2 2 2-5 0% 

MgO 0-34% 

A 1 2 0 3 0-2 5 % 

0>IHT±ejB6£6£#U CaO, P 2 0 5 , S iO 

2 > MgORtfAl, 0 3 ^ti^9 0%H±T 

0X©»»»Sfty;m = 7i:9 9-0 %<Da-7)V* 

7Xt v;m ~73Hr^ y£X<h <D£fH*;»g*fST 5 



10 



2 

CaO 12-5 6% 

P z O s 1-2 7 % 

S i O z 2 2-5 0 % 

MgO 0-34% 
A 1 2 0 3 0-2 5 % 

0>ttHT±lEj*#*£*U CaO, P z 0 5 , SiO 
2 > MgO^A l 2 0 3 0*#*£lt*<9 OXELtT 
S^fM?:f I, io 2 0 0^7yai0fci^es 
t#-r5^5^»*S:, iii»-ei-iooxoa» 
g)|ft:y^r7<!:9 9 - 0 %0 a -7JU5^t36^6ja 



( 2 ) 



#^¥6 - 2 2 5 7 4 



3 

iitMii 5 z t 1 1 s &a£#*m©§si§ 
m 

[6H±©fiJffl#£] 

Alt, AliSSi*©-f>^>hWt 

©T&-S. 

LT^flHtSnTfcO, iBif£gT$>S;:£. E^&9££ 
14. Si <SF1BSftT^ 5. Sfc, i7;m-7 

■fe 5 5 v >? 7s \t7)V5. ±± y 5 y 2 X «fc 0 fc3Sg*>«9tt 

7-tyS.yi7 7s\t, #t*SMk*IS^Ua:^fc». M 
©teffllcfc^T, )V-X->{fO)mzz*iV&<GLifi%>iQs 

&-t5>s-y;7 7.©i§£, 4<*i— »fl:-r-5©T;P-X=. 

TB, 7/^1 , MMWa ! 0-K 2 0-MgO- 

cao-sio 2 -p s o 5 leaw^x^asnt 

V>-5. Sfc, MgO-CaO-P, Os -S iO, 

*l>T7/l^-f httA [Ca„ (PO, ) 
6 (0,.«. F) , ] &tf«7*5Xh:J"f [Ca 

sic ] ®£«»s*TjiMa3i,Ttt6;aF*is*sftft; 

^77bffl6nTH5. C©Sgilffc:tf5X-Cte, 7/1* 

SSLK -tdT, S i 0 2 ©"SWISH^U £*7 
Tt>3. Set. ftiSTtt. Sn^S(C e kD7/^-1' h 

7;U* IJ ±«$r-f &i£ig|i© 1 SSfctt 2 S£^± t tffi 
UJTS. 2 0 O^yvaiOfeifflTiHJaS^* T5#5 



2 3 1 6 6 8 . Ztli(0±y^ 

vtzommmt. bvtwe. iooo- 

1 4 0 0kg/cm\ Na 2 0-K 2 O-MgO-CaO 
-S i 0 2 -P 2 0 5 ^Jgllfctf^XTl 0 0 0-1 5 

0 0kg/cm\ MgO-CaO-P, O s - Si0 2 % 
fe&itfiyTs-Vl 2 0 0-1 4 0 0kg/cm ! 

5. ^7^-77, h^-i" h$-#S}rffta$iifcC aO 

10 -P, Os -S i 0 2 -SftS^ttC aO-P, o s -s 

1 0 2 -MgO, Y 2 0 3 JMSJHbjtf^attl 7 0 0- 

2 3 0 Okg/cm'flgT&S. Se>tC, y^3Z7S§ 
«SS{t;^7X(±2 3 0 0-3 3 0 0kg/ci ! tJt«Wi« 
t^ffitf^g^Wl-T^-St)©©, HfciS&g&t)©-?*) 
7JPS:Mr5S vZTsOmi&g. (3 0 0 0-5 0 0 0 
kg/cm ! ) ©TPSS§gT$>r). AltSfdlAItti 
LTtt&l* L tiJgT 1 5 B .£* © t> ©Ttt/i < . 
•?"©^fflffl^(30HT14^^i9©$iJEg*§^T^-5©^ 

20 #*m**B3SftTI,>2>. 

Jlo-7R-fc75y**fc. 4#ffitt*fiES:*1-*fea 

C aO 12-5 6% 

P 2 0 5 1 -2 7 % 

30SiO 2 22-50% 
MgO 0-34% 
A 1 b Oi 0-2 5% 

©ffiHT±IEE£^$^WL. CaO. P 2 Os . SiO 
i . MgO&tfAl 2 O s ©$*S^tt*l9 0 %&±T 

0%©SB^g^{bv*;Pa-7i9 9~0%©a-7;P5 
'^i:^e,BKSv i ;i/a-7^-b55 ■v^T.^fc, Jg,l{b^ 

~5 0%^ffi$-&fc^-&iz^5 ■yi7 7./6^&SCi:S-!t# 

40 ait*. 

£©**«!£#;*}&«, MSfti. ^t^Xht 

YlkTSir J hfr£>MtinZ7)l>l}>)±mir'(&M. 
*g^©iatfe(i2a^±i$^#L. S6fc/J-U> 
^HA;U->-j7A^S t)3-Ca 3 (PO, ) 2 ] £J§£ 

»S^bi?;i/n -7©iU&g. K«lt4)4A*fiJffl Lfcfc 
50 -7itt, '>*©Y 2 0 3 , MgO. CaO, C e 0 2 



( 3 ) 
5 

*8Bttfc£Bofcfc0X*?K 1 0 0 0 0-2 0 
0 0 0 kg/cm 2 hCD^^^t. v^qi-7tB»3fc 
SftSli-Sfcdfctt, Zr0 2 fc#LT, ^;«2px, 
Y 2 0 3 : 1. 5-5% 
MgO : 7-10% 
CaO : 7-1 0% 
Ce0 2 : 4-1 5% 

0550lBSfctt2B«±fcB*Stftt«AK 10 

T-r^n^^^+>y^m 5 b»n^^Ti 5 o 
0 0 -2 4 0 0 0 kg/cm 2 ^(D^g^^To «»*«fl: 

^hy^z71-10 0%> a-7;U^^9 9-0% 
X$>3. L*>U »»*JEftyjm-73Wl 0%ctD^ 
ttl>fc* ^^K^nx^^?^ yj^r7(0 

«TfcU0T, ff*L^iBHtt«»*efl:s;jHi-71 
0-100%, o-7Mt9 0-0 5ST*-5. £<E>tC 20 
*fcff*LVi«Htt»»5fcJ6ft5;^a = 7 2 0-1 0 0 
%, a-7J^t8 0-0%T»§. 
*»WOft«±«:#»S:*flE-r-Ba^-fc ^ £ v >? * fc* 

3-7**55 y*XK£*SftX^*#. £©ISiiflS 

Hi?TCaO#12X**TH 7/X^-f h*£il<7) 
tfffl***ft»fc^&<&S. SfcC aO**5 6 96SriBA 
*t*7XO*a«Ift36«*Ka*. ft^X, CaOco 30 
**ttl 2-5 6XfclK£Stt*. P 2 0.**1X*B 

8ft®tfUJB#^&<&*fl!>T, P 2 0 5 O^fittl- 
2 7%fc|85£$tt*. S i 0 2 *«2 2%*jfdTtt, 7;u 

0 2 #5 0%S:a^§(!:^7^gl^t<6S e ft 
oTS i 0 2 ©**tt2 2-5 0 %£Rg££ft6o Mg 
Ott!&«jS^Ttt&^#, *&«^tt3 4Xi0^t 40 

fcKjtsns. matt, ai 2 o 3 fe^*i«»Ttta^ 

^tf*^tt2 5X«tO*^t7^^-f hjea^^js 
*#'>£U&3£)X, 2 5%J^TtcPR££n£o 
±EL&5fit»tjSDAX*5XI4, A*l:tiT(j;^ti 
K 2 0, Li 2 O, Na 2 O, Ti0 2 > Z r 0 2 , S 
r 0, Nb 2 0 5 > Ta 2 0 5 , B 2 0 3 , F 2 , Y 2 

0 3 *i oxo«Hrtxiasfctt2aa±$*i--5c: 
t#xt£. cn6ott*rt»o)*«-3ft«i o%£9^ 

t*ttt, 7/^-f MBftXi;7^*U±«^B6tttt 50 



- 2 2 5 7 4 

6 

ttl OKttTtrftOsWJ:^. fc£U F 2 te5%ckD 
*^t*5X39«5feab^T<&0, SfcY, 0 3 tf5X 
±D*^i7/**-f HfcftRtf7;W!J 'J±«fr>fBtt*S 
*©£j**WrFLTLS3©T, F 2 &tfY 2 0 3 ti 

±Eaj*3^6fe4*Sftfl:^5X««^3-7*-fe55y 
** + fc»*Sft««tt, »fiffc*5Xty;i/3-7 3R 

So *©8*»i5XJ:0^a^fc||*fl:KJ:r?Xft#S 

±0#Vit#*ttt*y^3-7*-fe5 5y^xai5»*« 
BttttBB®iai±«Mfr?e&»fr& 

CaO 1 2-5 6% 

P 2 0 5 1 -2 7 % 

S i 0 2 2 2-5 0 % 

MgO 0-34% 

A 1 2 0 3 0 -2 5 % 

<0iSfflT±EJ5£#S:$*-U CaO, P 2 O s , SiO 

2 , MgORtfA 1 2 0 3 9 OXELbT 

stn*77»*s, MSipxi-i o oxomft 

^{bv;i/n-7t9 9-0 %(^a-7;i/S^t^6fiE 

fflE*7x»*ckofcffl*^ifta*#'r*v;pa- 

7*t&*£* «7X8*iyJl/3r7*»*tC!)§ft# 
fS»¥X5-5 0XB£U £<&ES*£0rJ£<O*K:j« 
^bfc^tc, dCD^fr4 J ^^7X^e>7/^< hSSS 

K ^^r;i/T±>f YmS7J)V^ h*SBttft*7;U 

*^Tyj^ - 7»»*<o*»sa[«xsiftaiar * c t 
tiox»iir*^t^x#«). 

£L)fefflfS®iacD;tf5X£ft-f 2 0 O^r/aiDfcl 
*Hi»S (7 4/zmETF) fcfMM"*. «7^©»«ll 
2 5 0-6 2 5 yl (5-2 Oum) 
KffSLK *^X^©if7X€y;m-7*»*t^ 
-fcfi^U *&ftfcB£»**H?a©»*fc]*»Lfc 

U ^^X^;U3-7cD^^fT^3^i^B : FgX$) 
a*D, y;Pa-7*-fc55y^X«f«CISJ|ifl:j!f5 



(4 ) 



- 2 2 5 7 4 



2*«-«a*«Ctfc:«tt)ilSCD|Rl±«:B|oT^-6. 5? 
;i/3=7*»5fE*«*7X»*J:»3**V»i:, £2BIK::g* 
L& «k 5 fc SWa n 7 Jfrfe 5 5 v * 7. 1 oott^^tt Aft 
#77.2TgfctlT, H&ikltXyZZg&ttzm&Z 

#t£&k ffl^e»ns> ! ^^^7^s>*«^ 

**», CI© e k5/iaaa?S> ! Jl'r3-7^*tt*^Bg©^ 
£-fe 7 5 y * X 5 KJf ST* -5 . 

STfi^. j«»U L*»a«Wc»#6«HE5?;i/an7- 
#7^iI£l&*4 , ©#77.J&>S.7^$''f hjSr B R^7;i' 

ir»r. v^n-7©^jgs« (a#i 2 o ora±) 
ra^st-*. «Si»jas*u 5 0 o'css** 

3 = 7tR*LTft#Sttlte**ofcD-r*Ct*** 

-5©t> 1 2 0 o~i 5 0 ot:osstsiaa*«ffsun. 
w#©^jaa»i^7x^e>7/ , ?^'f mbsr^7ju*'j 

SWi vJUn -7 - #7 Xg£$©*g&#tfk: «fc 9 * 

»«fflU&^3-7-^5XE^»*©xaiig*r7 i - 
*£#*rT* (3. *n-?tt©5gS» 

STft-€-ft-fti©ISii©«raiSK«fr*. 
Sfc. &»ffl««^;io-7-#7Xfi£f&;fc©ji£}B 
ft£-5tjfgTM*U -?-©PB^©fiJK^$ai56-r-5r i 
fc±0*»SIlt*»T«f*. fMXtt©H$fi&ftfi>6«*7 

7 h^uxtt-^H 1 p (amiMcffTva) &sjs»« 
ns©^t^t)©*i#e.n*. 

BIT. JtlMlCJ:0*ftn£X£R9!1-«tf. *»9!tt 

1 ] 



8 



ftfcffiHT, M£*PT, CaO 47. 8%, SiO 
j 44. 0%, MgO 1. 5%, P, Oi 6. 5 
X. F, 0. 2 %£&3<fc-pK#77.©Ay^£t)l£ 
U cn*a^;^sJ?ICAtlTl 5 5 0"CT2ISIfi]S» 

C*nT2 O/imETF (6 2 5^7^611) 
»#LT#7 7f&*£*§fc. :i©#77.$**. 

icio#e>nfc2. 5 ; &;i/%©Y ! o 3 zttsWftgfe 

{fci?;U3-7^6&0. a-7JU5±5:-&*7S:^v ! ;l/D 
10 :z7*«»* W$ft«0. 3 urn) tWDU' SSK 

ttfc, 5?^3 = 7*«»*tif5X»*t©E#JkO* 

uz^tDm^^KD^ti^rL^m^mizxn. 3 0 okg 

/cm ! ©J£^$-*Ht^>!)?^, 1 2 0 Ot£T— 

)t©# ffljSS 3 "C/m i ntttSil, 1 2 0 0t:T2S# 

*PF*gT^&£T#^U $-&-fe7 5->£7.£*#;fc. 
C 5 LT«jfiStlfcfta^-t 7 5 y 7 X©tt»JtBtt 9 

L-Tl^fc. Sftfc, )fg"fe 7 5 7 £ X * 3 x 4 x 3 6mm 
©S&KttllU J I S R 1 6 0 1 fCftoTE^&tf 

lift;tf77.©-&« iH^*tf!IS©g| 
^^^30»c^"T. HA> £> 91 5 v;io:z7 

*t 7 5 >y £ X «f (Ci&ilfctf 7 X £ 5 ~ 5 0 
a -fr/tS-g-t 7 5 v 2 £ fc 3 #HiS0iJ©»g£ft;|# 
ftti&jgT 1 4 0 0 Okg/cm ! ©ffitf$$K£;fru cm 

\.%%m 2 ] 

i£ft*. K^ffi. 'J>$U£, 7yft«ftt*6H 
ftfcfli^T, a«*ipT, CaO 47. 8%. SiO 
2 44. 0%. MgO 1. 5%. P 2 Os 6. 5 
%- F 2 0. 2%tf3.Z>£v\Zfi7Z<Drt-y?$:Wl<& 

l. ;ti^aMy#iatiTi 5 5 o£T2i$ibj&H! 

ICAnT2 0um«T (6 2 5^v>aKi) ©SSlC 
40 *&#LT#7X$*£fifc. r©^77.?9*i&, *a?i 

fcio^&tifc 3 ; e;u%©y 2 o, s-&tr«5^$^b$? 

^3 = 7ta-7;U5^-t*»&**S?^3^7*«»* 
ff^ttgO. 3 urn) (C^JIOL (#«JtT> 
7^TO* : #57.$*= 8 0:2 0) ,.S6kl3K-;i/ 

SB^^)tft -✓Jm ^7 1 a - 7 ;U5 ± t ©B^tfc*»ft& 

s**©ffl^*©-tn-en*jiiHBS!fcAn. 300kg/ 
cm'roEftfcriMtfctfe), sm^e. 1 2 0 o-c^t-s 

©#fi«S3 , C/m i nT«L, 1 2 0 0*CT2^IH 
50 IRttLTtt»«©Mft:fttfjMtt«fTofc. L***, 



( 5 ) 



9 



BtfU »3fsX»ia*rKJ:D«ftajiiJlttS;nigLfctc 

UTI^fc. Set. ^•&-b7 5->^7.*3 X4X 3 6mm 
©Sttl-JDXU J I S R 1 6 0 1 fcft-3T=j*lftWr 

=i^7^-iT7 5 V 27.$><D a -7)15. 0 ~ 9 

giSTl 5 0 0 Okg/cm ! £U-5fltf3$g££U Z.K 

m«i3] 

»fcfflt»T, *- 1 lCS-rM^(CffllTS^57.(DA*-> 
3=-£Sl-&U Ciniie&Jl/^jHtXnTl 4 5 0~1 5 
5 01ST2l*m*IKLfc. *V»TB****fcaAL. 

^-^5;HCAnT2 0 (imHT (6 2 5 * y 
5OL0U) LT*f5 Z.<T>13 



10 



20 



6 - 2 2 5 7 4 

10 

#fti£(;:J:9*§£>ttfc2. StMKODY, 

m) fcgsJDL (#«ttT, -^r7SIS8*:^77 
©5fc=8 0. 2 0) , S&fctf-./l/S^fcjB^Tjft^lS] 

ftwa^nxoiE-n-fniMftfflfcxn, 3 0 okg/cm' 

<&E#£*Hj-fc#^ 2 0 0"CtT-^CD# 

fflaSS3'C/m i nTM*U 1 2 0 OtT? 2P$fS3ffiJt 
l/Tj*»#©|gflfcXl«fcttSfT&ofc. lip 

CI 5 LTSigSnfc^-g-X-b^S <y f 7.<Dftttttm\3. 
9 8~9 9. 5%T$>ofc. Cn5>«-&-k55^ 

^757^7^3X4X3 6m<Dft& 
fClOIEU J I S R 1 6 0 1 KoT, HjSfttf&ft 



1 



Not 


l 


2 


3 


4 


5 


6 


7 


8 


&(wt%) 


















CaO 


47.5 


49.2 


23.2 


55.6 


44.7 


36.3 


26.8 


24.6 


P 2 Os 


14.0 


1.0 


27.0 


22.0 


16.3 


16.3 


14.1 


16.0 


SiO* 


38.5 


49.8 


49.8 


22.4 


34.2 


35.4 


34.1 


28.7 












MgO 
4.6 

F 2 
0.2 


MgO 
11.5 

F* 
0.5 


MgO 
11.5 

AUO a 
12.7 

F 2 
0.8 


MgO 
30.7 




7**4 h 


7-><*-f h 


7**4 h 


7'** 4 Y 


7**4 h 


7**4 Y 




7**4 h 






? *y*V 
±4 h 

'J >1E^ 
A 


V ±y7> h 


*7*yZ h 
±4 Y 

i?*-7-V4 
K 


i?*7D-4 
K 


h 
F 

7 *;^r 


7 tJ^7 

y4 h 
K 


(to/* 


8000 


9000 


8000 


8500 


8500 


9500 


10000 


9500 




( 6 ) &i>¥6- 2 2 5 7 4 



Na 


9 


10 


11 


12 


13 


14 


15 


16 




















CaO 


26.1 


16.6 


47.4 


47.4 


48.3 


47.9 


48.3 


48.3 


P2OB 


23.0 


16.2 


6.2 


6.2 


6.3 


6.3 


6.3 


6.3 






07 9 


AO 0 


AO O 


AO O 

43. c 


42.6 


43.2 


43.2 




MgO 
18.6 


MgO 
29.5 


2.0 


MgO 
2.0 


F. 
0.2 


p 

0.2 


"2 
0.2 


r 2 
0.2 




F, 

0.5 


0.5 


L/2 

2.0 


2.0 


1 1U2 
2.0 


v n 
3.0 


bru 
2.0 


Nb z 06 
2.0 




2.0 




0.2 


T2 

0.2 












7*94 Y 






7*9 4 Y 


7*94 Y 


7*94 Y 


7*94 Y 


7*94 Y 




n r 


r 


i y 1 

r 


*J*y% Y 
±4 Y 


*?*?7,Y 
±4 Y 


V TtyJs Y 
±4 Y 


V*7XY 

±4 Y 


*?±y*Y 
±4 Y 




i?*?V4 
Y 


































uwsus 

(b/al) 


9500 


10000 


11000 


10000 


9500 


8500 


9500 


10000 






Na 


17 


18 


19 


20 


21 


22 


23 


24 


JfSCwtSSJ 


















CaO 


48.3 


48.3 


49.3 


47.8 


12.0 


45.0 


45.0 


45.0 


p 2 a 


6.3 


6.3 


6.5 


6.5 


15.5 


6.0 


6.0 


6.0 


S1O2 


43.2 


43.2 


44.0 


44.0 


47.7 


39.0 


39.0 


39.0 




F 2 
0.2 


F 2 
0.2 


F 2 
0.2 


MgO 
1.5 


AI2O3 
24.8 


K z 0 
9.5 


Li 2 0 
9.5 


Na 2 0 
9.5 




Na 2 0 
2.0 


2.0 




F 2 
0.2 




F 2 
0.5 


F 2 
0.5 


• F 2 
0.5 




7*94 Y 


7*94 Y 


7*94 Y 


7*94 Y 


7*94 Y 


7*94 Y 


7*94 Y 


7*94 Y 




^*v7s y 

±4 Y 


V*y7,Y 
±4 Y 


*J *y7, h 
Y 


V*yXY 

±4 Y 


7 J** 4 

Y^ 

>) >1E* 


? *7*Y 

±4 Y 

)1>Z/^ A 


*? *yy. Y 
±4 Y 


?*y*Y 
±4 Y 

Jlsi/V A 


(b/al). 


8500 


8000 


11500 


14000 


13500 


9500 


9500 


9500 



( 7 ) 



VAW 6 - 2 2 5 7 4 



13 



14 



Na 


25 


26 


27 


28 


29 


30 


31 


32 




















CaO 


45.0 


45.0 


45.0 


45.0 


45.0 


45.0 


45.0 


45.0 


P 2 0s 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


SiOz 


39.0 


39.0 


39.0 


39.0 


39.0 


39.0 


44.5 


44.0 




TifL 
I 1U2 

9.5 


9.5 


oru 
9.5 


ND2U5 

9.5 


9.5 


d n 

9.5 


4.5 


v r\ 
1 2 0a 

5.0 




1*2 

0.5 


c 

ri 

0.5 


c 

0.5 


0.5 


0.5 


F 2 

0.5 












7'<*4 h 




7^*<< h 


7^54 Y 


7'<;M h 


7^*-f h 




*J*77s Y 


i-4 Y 








*?*7X Y 
±4 Y 








Jt/i/^A 


] ) 


jvi/y A 




Jl'S/^ A 










9500 


10000 


12000 


12000 


11000 


10000 


13000 


13000 



30 



n "7^-b7 5 v -tins a - 7;U5 

2 »Jlft^5^ 



[J61B] 



[Si 20] 




2 «*<ttf?x 




2 e«t*r5* 



( 8 ) 



6 - 2 2 5 7 4 



[SI 3 0] 



16000 




« 8000 
S 

5 6000 - 
4000 
2000 



10 20 30 40 50 60 
fcJUbtf?**** ( vol%) 

[fS4Hl 
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SPECIFICATION 

TITLE OF THE INVENTION 

INORGANIC BIOMATERIAL AND PRODUCTION METHOD THEREOF 
WHAT IS CLAIMED IS; 

[Claim 1] An inorganic biomaterial comprising a composite 
ceramic wherein a crystallized glass containing the following 
compositions in the range of; 
CaO 12 - 56% 
P 2 0 5 1 - 27% 
Si0 2 22 - 50% 
MgO 0 - 34% 
A1 2 0 3 0 - 25% 

at weight percentage and having a total content of CaO, P 2 0 5 , 
Si0 2/ MgO and A1 2 0 3 in excess of 90% is allowed to disperse in 
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a zirconia ceramic consisting of 1 - 100% partially-stabilized 
zirconia and 99 - 0% a-alumina on a combined volume percentage 
basis 5 to 50% of the crystallized glass and the zirconia 
ceramic . 

[Claim 2] A method for producing an inorganic biomaterial 
wherein glass powder with a particle size of 200 mesh or finer 
containing the following compositions in the range of; 
CaO 12 - 56% 
P 2 0 5 1 - 27% 
Si0 2 22 - 50% 
MgO 0 - 34% 
A1 2 0 3 0 - 25% 

at weight percentage and having a total content of CaO, P 2 0 5 , 
Si0 2 , MgO and A1 2 0 3 in excess of 90% is mixed with zirconia powder 
with a particle size finer than that of the above-mentioned 
glass powder consisting of 1 - 100% partially-stabilized 
zirconia and 99 - 0% a-a.lumina at weight percentage on a 
combined volume percentage basis of the glass powder and the 
zirconia powder 5 to 50%, and the thus prepared mixture is 
molded into a desired shape, and the resulting molded article 
is then subjected to heat treatment at a temperature range that 
precipitates from glass in this molded article apatite crystal 
and one or two or more types of alkaline-earth silicates 
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selected from any of wollastonite, diopside, forsterite, 
akermanite and anorthite, and further subjected to heat 
treatment at a sintering temperature range of zirconia powder. 
DETAILED DESCRIPTION OF THE INVENTION 
[Industrial Field of the Invention] 

The present invention relates to an inorganic biomaterial 
useful as implant materials such as artificial bones and 
artificial dental roots and the production method thereof. 
[Prior Arts and Problems thereof] 

Ceramics are high-molecular materials, which have made great 
advancement in recent years and have captured attention as 
biomaterials free from harm to the body, compared with metal 
materials. Alumina ceramics have been actually used as 
artificial bones and artificial dental roots and highly 
evaluated due to a greater strength, medical safety and 
reliability. In addition, it has been reported that zirconia 
ceramics are higher in strength and toughness than alumina 
ceramics and similarly favorable in biocompatibility with the 
body as alumina ceramics and have been actively studied for 
practical application. However, alumina ceramics and 
zirconia ceramics will not have a direct chemical bonding with 
bones and may cause loosening after a prolonged use . In reality, 
a few clinical cases of such loosening have been reported. 
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There are some ceramics that chemically bond with bones, which 
are so-called bioactive ceramics. These ceramics are able to 
integrally bond with the body and therefore will not cause 
loosening. As bioactive ceramics, an apatite sinter and a Na 2 0 

- K 2 0 - MgO - CaO - Si0 2 - P 2 0 5 crystallized glass are known. 
In addition, a crystallized glass for which a MgO - CaO - P 2 0 5 

- Si0 2 glass is ground into powder with a particle size finer 
than 200 mesh, and the thus obtained glass powder is molded, 
and the thus molded article is then subjected to heat treatment 
at a sintering temperature range of the glass powder, and 
further subjected to heat treatment at a temperature range of 
forming apatite crystal [Ca 10 (P0 4 ) 6 (O 0 . 5 , F) 2 ] and wollastonite 
crystal [CaSi0 3 ] is also known. In this crystallized glass, 
apatite crystal contributes to biocompatibility with the body 
while wollastonite crystal contributes to mechanical strength. 
Therefore, it is desirable to increase the content of 
wollastonite crystal in elevating the mechanical strength. 
Consequently, such crystallized glass is available in which 
more Si0 2 is contained to elevate a precipitated quantity of 
wollastonite crystal. Further, a zirconia composite 
crystallized glass for which glass powder with a particle size 
finer than 200 mesh which precipitates by heat treatment 
apatite crystal and one or two or more types of alkaline-earth 
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silicate crystals selected from any of wollastonite, diopside, 
forsterite, akermanite and anorthite is uniformly mixed with 
zirconia ranging from 5 to 50 volume %, the thus prepared 
mixture is molded, the thus prepared molded article is sintered 
and subjected to heat treatment at a temperature range which 
precipitates from the glass apatite crystal and one or two or 
more types of the above-mentioned alkaline-earth silicate 
crystals is also known. (Refer to Japanese Published 
Unexamined Patent Application No. Sho-62-231 668 ) However, 
these ceramics, for example, the apatite sinter is 1000 to 
1400kg/cm 2 in bending strength, the Na 2 0 - K 2 0 - MgO - CaO - 
Si0 2 - P 2 0 5 crystallized glass is 1000 to 1500kg/cm 2 and the MgO 
- CaO - P 2 0 5 - Si0 2 crystallized glass is 1200 to 1400kg/cm 2 . 
Further, CaO - P 2 0 5 -Si0 2 or CaO - P 2 0 5 - Si0 2 -MgO, Y 2 0 3 crystallized 
glasses which precipitate wollastonite copiously are 1700 to 
2300kg/cm 2 . In addition, although the zirconia composite 
crystallized glass is relatively high in bending strength as 
2300 to 3300kg/cm 2 , that with the greatest strength is 3000 
to 5000kg/cm 2 , which corresponds to the lower limit of the 
bending strength of alumina ceramics. Thus, the zirconia 
composite crystallized glass is not necessarily satisfactory 
in preparing artificial bones or artificial dental roots and 
reality is substantially restricted in uses. Under these 
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circumstances, such inorganic biomaterials are demanded that 
have a greater strength and bioactive functions. 
Thus, an object of the invention is to provide a new inorganic 
biomaterial which has a greater strength and bioactive 
functions . 

[Means for Solving the Problems] 

The invention is to attain the above object by allowing a 
bioactive crystallized glass to disperse in a zirconia ceramic 
high in biocompatibility with the body, strength and toughness, 
and the inorganic biomaterial of the invention comprises a 
composite ceramic at which a crystallized glass containing the 
following compositions in the range of 



CaO 


12 


- 56% 


P 2 0 5 


1 


-' 27% 


Si0 2 


22 


- 50% 


MgO 


0 


- 34% 


A1 2 0 3 


0 


- 25% 



at weight percentage and having a total content of CaO, P 2 0 5 , 
Si0 2 , MgO and A1 2 0 3 in excess of 90% is allowed to disperse in 
a zirconia ceramic consisting of 1 - 100% partially- 
stabilized zirconia and 99 - 0% a-alumina on a combined volume 
percentage basis 5 to 50% of the crystallized glass and the 
zirconia ceramic. 
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The said inorganic biomaterial contains apatite crystal and 
one or two or more types of alkaline-earth silicate crystals 
selected from any of wollastonite, diopside, forsterite, 
akermanite and anorthite, and may additionally contain (3- 
tricalcium phosphate crystal [p-Ca 3 (P0 4 ) 2 ] depending on the 
case . 

Composite ceramics constituting the inorganic biomaterial of 
this invention utilize the high strength and toughness of a 
partially-stabilized zirconia. The partially-stabilized 
zirconia of the invention is that whose strength and toughness 
are increased by utilizing stress-induced transformation 
(Martensite transformation) of tetragonal zirconia particles 
melted and solidified with a small quantity of one or two or 
more types of Y 2 0 3 , MgO, CaO, Ce0 2 and others, showing a great 
strength of as high as 10000 to 20000kg/cm 2 . Zirconia may be 
partially stabilized by allowing one or two or more types of 



Y303 


1.5 


- 5% 


MgO 


7 - 


10% 


CaO 


7 - 


10% 


Ce0 2 


4 - 


15% 



to melt and solidify on a mol basis in relation to Zr0 2 , 
In addition, a composite prepared with partially-stabilized 
zirconia and a-alumina will yield strength of as high as 15000 
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to 24000kg/cm 2 partially due to the effect of micro-cracking. 
The ratio between the partially-stabilized zirconia and the 
a-alumina is 1 to 100% partially-stabilized zirconia and from 
99 to 0% a-alumina at weight percentage. However, where the 
< partially-stabilized zirconia is below 10%, stress-induced 
transformation of zirconia is weak or not very effective in 
providing strength, as shown in Example 2. Thus, a preferable 
range is 10 to 100% for the partially-stabilized zirconia and 
90 to 0% for the a-alumina, and a particularly preferable range 
is 20 to 100% for the partially-stabilized zirconia and 80 to 
0% for the a-alumina. 

Regarding the composite ceramics constituting the inorganic 
biomaterial of the invention, a crystallized glass having 
bioactive functions is dispersed in the above-mentioned 
zirconia ceramic. An explanation will be made about reasons 
for quantitatively restricting compositions of the 
crystallized glass. 

Where CaO is less than 12% at weight percentage, apatite crystal 
will precipitate in an extremely small quantity. Further, 
where CaO exceeds 56%, glass tends to markedly devitrify. Thus, 
the content of CaO is restricted to a range of 12 to 56%. Where 
P 2 0 5 is less than 1%, glass tends to markedly devitrify and where 
it exceeds 27%, alkaline-earth silicate crystals such- as 
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wollastonite, diopside, forsterite, akermanite and anorthite 
will precipitate in a smaller quantity. Therefore, the 
content of P 2 0 5 is restricted to a range of 1 to 27%. Where 
Si0 2 is less than 22%, alkaline-earth silicate crystals will 
precipitate in a smaller quantity. Further, where Si0 2 exceeds 
50%, glass will tend to devitrify. Therefore, the content of 
Si0 2 is restricted to a range of 22 to 50%. MgO is not an 
essential composition, but when it is contained at 34% or 
greater, apatite crystal will form less. Thus, the content 
of MgO is restricted to 34% or lower. Similarly, A1 2 0 3 is not 
an essential composition, but when it is contained at 25% or 
greater, apatite crystal will form in a smaller quantity. Thus, 
the content of A1 2 0 3 is restricted to 25% or lower. 
In addition to the above 5 compositions, glass is able to 
contain within 10% one or two or more of the substances selected 
from any of K 2 0, Li 2 0, Na 2 0, Ti0 2 , Zr0 2 , SrO, Nb 2 0 5 , Ta 2 0 5 , B 2 0 3 , 
F 2 and Y 2 0 3 which are not harmful to the body. Where these given 
compositions exceed 10% in total quantity, apatite crystal and 
alkaline-earth silicate crystals couldbe produced in a smaller 
quantity. It is, thus, preferable to have these compositions 
at 10% or lower. However, where F 2 exceeds 5%, glass will tend 
to devitrify, and where Y 2 0 3 exceeds 5%, apatite crystal and 
alkaline-earth silicate crystal will be produced in a smaller 
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quantity. Therefore, F 2 and Y 2 0 3 are restricted to 5% or lower. 

A crystallized glass constituted of the above compositions is 
restricted for a quantity dispersed in zirconia ceramic to a. 
range of 5 to 50% on a combined volume basis of crystallized 
glass and zirconia ceramic. This is because 5% or lower will 
hardly provide the effect that a bioactive-f unction is added 
by conjugation, or 50% or greater will not realize the expected 
improvement in mechanical strength due to a reduction in 
skeletal zirconia ceramic portion. Thus, it is particularly 
preferable to contain glass at a range of 5 to 30%. 
The above inorganic biomaterial of the invention can be 
produced by the method in which glass powder with particle size 
of 200 mesh or finer containing the compositions of 



CaO 


12 - 


, 56% 


P 2 0 5 


1 - 


27% 


Si0 2 


22 - 


50% 


MgO 


0 - 


34% 


A1 2 0 3 0 - 


25% 





at weight percentage and having a total content of CaO, P 2 0 5 , 
Si0 2 , MgO andAl 2 0 3 in excess of 90% is mixed with zirconia powder 
with a particle size finer than that of the above-mentioned 
glass powder consisting of 1 - 100% partially-stabilized 
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zirconia and 99 - 0% a-alumina at weight percentage on a total 
volume percentage basis of the glass powder and the zirconia 
powder from 5 to 50%, the thus prepared mixture is molded into 
a desired shape, and the resulting molded article is subjected 
to heat treatment at a temperature range that precipitates from 
glass in this molded article apatite crystal and alkaline- 
earth silicate crystals selected from any of wollastonite, 
diopside, forsterite, akermanite and anorthite, and further 
subjected to heat treatment at a sintering temperature range 
of zirconia powder. 

In producing the inorganic biomaterial of this invention, glass 
having the above-ranged compositions is at first ground into 
powder with a particle size finer than 200 mesh (74um or less) . 
It is particularly preferable that glass has a particle size 
of 250 to 625 mesh (5 to 20pm) . Then, it is critically important 
that the glass is uniformly mixed with zirconia powder, the 
thus obtained mixture is molded into a desired shape, glass 
portion of the molded article is subjected to crystallization 
treatment, and then zirconia is sintered. In composite 
ceramics, a glass portion having a particle size coarser than 
200 mesh is often defective, thus, rendering it impossible to 
provide a composite ceramic greater in mechanical strength.' 
More particularly, in order to obtain a composite ceramic- in 
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which a crystallized glass is uniformly dispersed in a zirconia 
ceramic, it is important to use glass powder having a particle 
size finer than 200 mesh. 

The inorganic biomaterial of the invention is structured with 
the zirconia ceramic 1 to which the crystallized glass 2 is 
dispersed to increase strength, as shown in Fig. 1. Where 
zirconia powder is coarser than glass powder, powder of the 
zirconia ceramic 1 is covered with the crystallized glass 2, 
as shown in Fig. 2, to give a structure of crystallized glass, 
thereby making it impossible to obtain a composite ceramic 
structured with a zirconia ceramic and to utilize the 
characteristics of greater strength and toughness of a zirconia 
ceramic. Therefore, it is critically important to use 
zirconia powder the particle size of which is finer than that 
of glass powder. Wet synthesis such as coprecipitation, 
hydrolysis and alcoxide method is able to provide finer 
zirconia powder with particle size of l\xm or lower, and such 
finer zirconia powder is favorable in providing the composite 
ceramic of this invention. 

According to the method of the invention, glass powder with 
a particle size finer than 200 mesh is mixed with zirconia 
powder having a particle size finer than that of the glass 
powder and molded by any known method, the thus prepared molded 
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article is then subjected to heat treatment at a temperature 
range that apatite crystal and alkaline-earth silicate 
crystals precipitate from the above-mentioned zirconia/glass 
mixed powder and further subjected to heat treatment at a 
sintering temperature range of zirconia (1200°C or higher in 
most cases) . However, at a sintering temperature exceeding 
1500°C, the crystallized glass portion can melt to give air 
holes or may react with zirconia to lose bioactive functions. 
It is, thus, preferable to have a sintering temperature of 1200 
to 1500°C. The former heat treatment is important in allowing 
apatite crystal and alkaline-earth silicate crystals to 
precipitate from glass, and the latter heat treatment is also 
important in obtaining a composite ceramic with fewer air holes 
and greater mechanical strength. 

The precipitation temperature range of apatite crystal and 
alkaline-earth silicate crystals is obtainable by 
differential thermal analysis of zirconia/glass mixture. By 
analyzing X-ray diffraction data of zirconia/glass mixed 
powder heat-treated at the exothermic peak temperature on the 
differential thermal analysis curve, thereby identifying the 
precipitated crystals corresponding to the respective 
exothermic peaks to regard the range from initial exothermic 
temperature to exothermic completed temperature as the 
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precipitation temperature range of the respective crystals. 
In addition, sintering temperature range is obtainable by 
heating a molded article of zirconia/glass mixed powder at a 
constant rate, during which the thermal contraction is measured. 
The sintering temperature range is a range from initial 
temperature to completed temperature of the thermal 
contraction. 

Any known means may be employed as a heat treatment method. 
However, hot press method or HIP (heat isostatic pressing) is 
effective in promoting sinter to provide a composite ceramic 
with fewer air holes and greater mechanical strength. 
[Examples] 

The invention will be further explained by referring to the 
following examples but shall not be construed to be restricted 
by these examples. 
[Example 1] 

Oxide, carbonate, phosphate, hydrate, fluoride and others were 
used as raw materials to prepare a batch of glass so as to attain 
CaO, 47.8%; SiO 2 ,44.0%; MgO, 1.5%; P 2 0 5 , 6 . 5% and F 2 , 0.2% at 
weight percentage, and the resultant was put into a platinum 
crucible and melted at 1550°C for 2 hours. Then, melted liquid 
was soaked into water. After being dried, the resultant was 
placed into a ball mill and ground to powder with a particle 
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size of 20ym or finer (625 mesh or more) to obtain glass powder. 
The thus obtained glass powder was added to zirconia fine powder 
(mean particle diameter of 0.3ym) free from a-alumina and 
constituted of 2.5 mole% Y 2 0 3 -containing partially-stabilized 
zirconia obtained through coprecipitation, and the resultant 
was also subjected to several-hours of wet mixing in a ball 
mill and dried. The thus obtained mixtures of zirconia fine 
powder and glass powder at different composition ratios were 
individually placed into graphite molds, which were heated at 
a constant temperature-rising velocity of 3°C /min from room 
temperature to 1200°C / with pressure of 300kg/cm 2 applied, and 
kept for 2 hours at 1200°C to crystallize and sinter molded 
articles. Thereafter, the molded articles were cooled down 
to room temperature in an oven to obtain composite ceramics. 
The thus obtained composite ceramics were 98% or greater in 
relative gravity, respectively. These composite ceramics 
were ground and subjected to powder X-ray di f f ractometry to 
identify the precipitated crystal phase, by which apatite and 
wollastonite were found to be precipitated from the glass. In 
addition, composite ceramics were processed into 3><4x36mm 
rectangular columns and subjected to a 3-point bending strength 
test according to JIS R1601. Fig. 3 shows the relationship 
between the content (volume percentage) of crystallized glass 
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in the composite ceramics and the 3~point bending strength. 
As apparent from this graph, the inorganic biomaterial of this 
Example constituted of composite ceramics wherein 
crystallized glass was dispersed in zirconia ceramic at a range 
of 5 to 50 volume % has a bending strength up to 14000kg/cm 2 , 
which was much higher than the bending strength of conventional 
inorganic biomaterials having bioactive functions. 
[Example 2] 

Oxide, carbonate, phosphate, hydrate, fluoride and others were 
used as raw materials to prepare a batch of glass so as to attain 
CaO, 47.8%; SiO 2 ,44.0%; MgO, 1.5%; P 2 0 5 , 6.5% and F 2 , 0.2% at 
weight percentage, and the resultant was put into a platinum 
crucible and melted at 1550°C for 2 hours. Then, melted liquid 
was soaked into water. After being dried, the resultant was 
placed into a ball mill and ground to powder with a particle 
size of 20um or finer (625 mesh or higher) to give glass powder. 
The thus obtained glass powder was added to zirconia fine powder 
(mean particle diameter of 0 . 3um) constituted of a-alumina and 
3 mole % Y 2 0 3 -containing partially-stabilized zirconia 
obtained through coprecipitation (volume ratio of zirconia 
fine powder to glass powder = 80:20), and the resultant was 
additionally subjected to several-hours of wet mixing in a ball 
mill and dried. The thus prepared mixtures of partial-ly- 
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stabilized zirconia and a-alumina at different composition 
ratios were individually placed into graphite molds, which were 
heated at a constant temperature-rising velocity of 3°C/min 
from room temperature to 1200°C, with pressure of 300kg/cm 2 
applied, and kept for 2 hours at 1200°C to crystallize and sinter 
molded articles. Thereafter, the molded articles were cooled 
down to room temperature in an oven to obtain composite 
ceramics . 

The thus obtained composite ceramics were 96 to 99% in relative 
gravity, respectively. These composite ceramics were ground 
and subjected to powder X-ray dif f ractometry to identify the 
precipitated crystal phase, by which apatite and wollastonite 
were found to be precipitated from glass. In addition, 
composite ceramics were processed into 3x4*36mm rectangular 
columns and subjected to a 3-point bending strength test 
according to JIS R1601. Fig. 4 shows the relationship between 
the content (weight percentage) .of a-alumina in the zirconia 
ceramic and the 3-point bending strength. As apparent from 
this graph, the inorganic biomaterial of this Example wherein 
a-alumina contained in the zirconia ceramic was allowed to 
change from 0 to 99 weight % has a bending strength up to 
15000kg/cm 2 , which was much higher than the bending strength 
of conventional inorganic biomaterials having bioactive 
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functions . 
[Example 3] 

Oxide, carbonate, phosphate, hydrate, fluoride and others were 
used as raw materials to prepare a batch of glass so as to attain 
the compositions shown in Table 1, and the resultant was put 
into a platinum crucible and melted at temperatures of 1450°C 
to 1550°C for 2 hours. Then, melted liquid was soaked into water. 
After being dried, the resultant was placed into a ball mill 
and ground to powder with the particle size of 20ym or finer 
(625 mesh or more) to give glass powder. The thus obtained 
glass powder was added to zirconia fine powder (mean particle 
diameter of 0.3ym) free of a-alumina and constituted of 2.5 
mole % Y 2 0 3 -containing partially-stabilized zirconia obtained 
through coprecipitation (volume ratio of zirconia fine powder 
to glass powder = 80:20), and the resultant was additionally 
subjected to several-hours of wet mixing in a ball mill and 
dried. The thus prepared mixtures at different glass 
compositions were individually placed into graphite molds, 
which were heated at a constant temperature-rising velocity 
of 3°C/min from room temperature to 1200°C, with pressure of 
300kg/cm 2 applied, and kept for 2 hours at 1200°C to crystallize 
and sinter molded articles. Thereafter, the molded articles 
were cooled down to room temperature in an oven to obtain 
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composite ceramics. 

The thus obtained composite ceramics were 98 to 99.5% in the 
relative gravity, respectively. These composite ceramics 
were ground and subjected to powder X-ray dif f ractometry to 
identify the precipitated crystal phase, by which apatite and 
wollastonite were found to be precipitated from the glass. In 
addition, composite ceramics were processed into 3x4x36mm 
rectangular columns and subjected to a 3-point bending strength 
test according to JIS R1601. Table 1 shows the glass 
compositions, precipitated crystal phase and 3-point bending 
strength. As apparent from this table, the inorganic 
biomaterial of this Example has a bending strength, which was 
much higher than that of conventional inorganic biomaterials 



having bioactive functions. 
Table 1 



No. 


1 


2 


3 


4 


5 


6 


7 


8 


Glass 


















compositions 
(wt%) 


















CaO 


47.5 


49.2 


23.2 


55.6 


44.7 


. 36.3 


26. 8 


24. 6 


P;0 5 


14.0 


1.0 


27.0 


22.0 


16.3 


16.3 


14.1 


16.0 


SiO = 


38.5 


49.8 


49.8 


22.4 


34.2 


35.4 


34.1 


28.7 


Others 










MgO 
4.6 
F 2 
0.2 


MgO 
11.5 

F 2 
0.5 


MgO 
11.5 
A1 2 0 3 
12.7 

0.8 


MgO 
30. 7 


Precipitated 
crystal phase 


apatate 


apatate 


apatate 


apatate 


apatate 


apatate 


apatate 


apatate 




wollasto 
nite 


wol lasto 
nite 


wollasto 
nite 


wollasto 
nite 


wollasto 
nite 


diopside 


anorthite 


f orsterite 
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tricalcium 
phosphate 




diopside 




diopside 

forsteri 
te 

P- 

tricalcium 
phosphate 


diopside 

tricalcium 
phosphate 


Bending 
strength 
(kg/ cm 2 } 


8000 


9000 


8000 


8500 


8500 


9500 


10000 


9500 



No. 


9 


10 


11 


12 


13 


14 


15 


16 


Glass 
compositions 
(wt%) 

CaO 


26.1 


16.6 


47.2 


47.4 


48.3 


47. 9 


48.3 


48.3 


P 2 0 5 


23.0 


16.2 


6.2 


6.2 


6.3 


6.3 


6.3 


6.3 


Si0 2 
Others 


29.8 

MgO 
18.6 

F 2 
0.5 
Li 2 0 
2.0 


37.2 

MgO 
29.5 

F 2 
0.5 


42.2 

Y2O3 
2.0 
Zr0 2 
2.0 
F 2 
0.2 


42.2 

MgO 
2.0 
Ta 2 0 5 
2.0 
F 2 
0.2 


43.2 

F 2 
0.2 
Ti0 2 
2.0 


42.6 

F 2 
0.2 
K 2 0 
3.0 


43.2 

F 2 
0.2 
SrO 
2.0 


43.2 

F 2 
0.2 
Nb 2 0 5 
2.0 


Precipitated 
crystal phase 


apatate 

ak-ermanite 

diopside 
P- 

tr icalcium 
phosphate 


apatate 
diopside 
forsterite 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


Bending 
strength 
{kg/ cm 2 ) 


9500 


10000 


11000 


10000 


9500 


8500 


9500 


10000 



No. 


17 


18 


19 


20 


21 


22 


23 


24 


Glass 
compositions 
(wt%) 


















CaO 


48.3 


48.3 


49.3 


47.8 


12. 0 


45.0 


45.0 


45.0 


P2O5 


6.3 


6.3 


6.5 


6.5 


15.5 


6.0 


6.0 


6.0 


Si0 2 


43.2 


43.2 


44 . 0 


44 . 0 


47.7 


39.0 


39.0 


39.0 


Others 


F 2 
0.2 


F 2 
0.2 


F 2 
0.2 


MgO 
1.5 


AI2O3 
24 . 8 


K 2 0 
9.5 


Li 2 0 
9.5 


Na 2 0 
9.5 




Na 2 0 


B 2 0 3 




F2 




F 2 


F 2 


F 2 
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2.0 


2.0 




0.2 




0.5 


0.5 


0 . 5 


Precipitated 
crystal phase 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


apatate 

anorthite 

tricalcium 
phosphate 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


Bending 
strength 
(kg/ cm 2 ) 


8500 


8000 


11500 


14000 


13500 


9500 


9500 


9500 



No. 


25 


26 


27 


28 


29 


30 


31 


32 


Glass 
compositions 
(wt%) 


















CaO 


45.0 


45.0 


45.0 


45.0 


45.0 


45.0 


45.0 • 


45.0 


P 2 0 5 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


Si0 2 


39.0 


39.0 


39.0 


39.0 


39.0 


39.0 


44.5 


44.0 


Others 


Ti0 2 
9.5 
F 2 
0.5 


Zr0 2 
9.5 
F 2 
0.5 


SrO 
9.5 
F 2 
0.5 


Nb 2 0 5 
1.5 
F 2 
0.5 


Ta 2 0 5 
9.5 
F 2 
0.5 


B 2 0 3 
9.5 
F 2 
0.5 


F 2 
4.5 


Y 2 0 3 
5.0 


Precipitated 
crystal phase 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


apatate 

wollasto 

nite 
tricalcium 
phosphate 


apatate 

wollasto 
nite 


apatate 

wollasto 
nite 


Bending 
strength 
( kg/ cm 2 ) 


9500 


10000 


12000 


12000 


11000 


10000 


13000 


13000 



[Effects of the Invention] 



The inorganic biomaterial of the present invention contains 
CaO and P 2 0 5 necessary for effecting a chemical bonding with 
bones and has a bending strength much higher than that of 
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conventional materials with bioactive functions, thus making 
the inorganic biomaterial extremely useful as materials for 
artificial bones and artificial dental roots. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a pattern diagram of the interior of the inorganic 
biomaterial made with the composite ceramic of this invention 
which is obtained by using zirconia powder with the particle 
size finer than that of glass powder (starting material) . 
Fig. 2 is a pattern diagram of the interior of the inorganic 
biomaterial for comparison made with the composite ceramic 
which is obtained by using zirconia powder with the particle 
size coarser than that of glass powder (starting material) . 
Fig. 3 is a graph showing the relationship between the content 
of crystallized glass (volume percentage) in a composite 
ceramic and the bending strength. Fig. 4 is a graph showing 
the relationship between the content of a-alumina (weight 
percentage) in a zirconia ceramic and the bending strength. 

1. Zirconia ceramic 

2. Crystallized glass 
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[Fig. 1] 

1. Zirconia ceramic 

2. Crystallized glass 
[Fig. 2] 

1. Zirconia ceramic 

2. Crystallized glass 
[Fig. 3] 

Bending strength 

Content of crystallized glass (vol %) 
[Fig. 4] 

Bending strength 

Content of a-alumina (wt %) 



FIG.1 



FIG.2 




FIG.3 




FIG.4 
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